Results: Cases had lower mean Z-scores for weight-for-age, weight-for-height, body mass index and mid-upper arm circumference (MUAC) (all Po0.05), and lower mean concentrations of serum Zn (P ¼ 0.032), Se (Po0.001) and calcium adjusted for albumin (P ¼ 0.026). Age-adjusted Hb and iron biomarkers did not differ between cases and controls. There was high prevalence of low serum Zn concentration (X90%) and vitamin D deficiency in both cases (80%) and controls (96%). Duration of ear discharge was negatively correlated with total 25(OH)D (P ¼ 0.028), calcium adjusted for albumin (Po0.001), PO 4 (P ¼ 0.002), transferrin receptor/ log ferritin ratio (Po0.001) and Cu (Po0.001), and positively correlated with child age and MUAC (both Po0.001). Conclusions: Children with CSOM were more undernourished than controls with lower mean serum Zn, Se and calcium concentrations. Vitamin D-deficient and iron-replete children had longer duration of infection, although this association was lost with age adjustment. Trials evaluating specific micronutrients are required in order to investigate specific nutrient-infection interactions in CSOM.
Introduction
Research on chronic ear infections has received little attention in developing countries. Few therapeutic interventions have been conducted to determine their efficacy in reducing this chronic problem throughout childhood. Childhood otitis media is a potentially serious health problem, since it carries a risk of permanent hearing loss (Beswick et al., 1999) . It is common, occurring in up to a third of children (Pichichero, 2000) and may be complicated by chronic suppurative otitis media (CSOM), which causes substantial hearing impairment in developing countries (Mackenzie and Smith, 2009) . CSOM often follows poorly treated acute otitis media (Kenna, 1988) , and usually presents in early childhood (Okafor, 1984) . It is defined as a tympanic membrane perforation with continuous purulent otorrhoea for a minimum of 2 weeks (Meyerhoff, 1988; WHO, 1995; Olatoke et al., 2008) . Untreated CSOM may continue for years leading to disabling hearing impairment and sometimes life-threatening infective complications such as brain abscess and sinus thrombosis (Kangsanarak et al., 1993) .
Management approaches vary and include regular ear toilet (Smith et al., 1996) , dry mopping or wicking (WHO, 1995) , syringing (Holborow, 1985) and topical antiseptics or antibiotics (Leach et al., 2008) . Systemic antibiotics are used (Lisby-Sutch et al., 1990) , but topical antibiotics have been shown to give improved outcomes (Smith et al., 1996; Macfadyen et al., 2006) . Tympanoplasty may be used if the eardrum fails to heal (Ghosh and Dubey, 1991) . Clinical outcomes of treatment in developing countries have been disappointing, probably because of poor antibiotic penetration into middle-ear pus and bacterial resistance to commonly available antibiotics (Smith et al., 1996; Macfadyen et al., 2006) . The extensive use of antibiotics for treatment has contributed to the development of multi-drug resistant bacteria.
Although CSOM frequently occurs in undernourished children in developing countries, there has been little research on the role of nutritional deficiencies in its causation or in relation to its severity (Elemraid et al., 2009) . The aim of the present study was to describe the nutritional status of Yemeni children with CSOM compared with healthy controls in order to identify nutritional correlates associated with occurrence and severity of this infection.
Materials and methods

Participants
The study was undertaken at Al-Thawra General Hospital in Sana'a, Yemen. It is located at an altitude of 2200 m in an area with a high level of urban poverty. This study received ethical approval from Research Ethics Committees at the Liverpool School of Tropical Medicine, UK and Al-Thawra General Hospital. Parents/guardians of all participants were provided with an information sheet and written informed consent was obtained before participation. Cases were children with CSOM who presented during a 3-month period from March to May 2007. Cases were attending the ENT/Paediatric Outpatient Department or otoscopy clinic with a clinical diagnosis of CSOM and a history of persistent discharging ear(s) for at least 2 weeks. Controls were children from the same community who volunteered to attend the outpatient department. All controls had normal physical and otoscopic examination.
Exclusion criteria were children with immune defects, HIV/AIDS, craniofacial abnormalities, tympanoplasty, malignancy, congenital lung, heart or kidney abnormalities, acrodermatitis enteropathica or chromosomal abnormalities. A questionnaire was used to collect information on demographic and health-related characteristics, medical and family history, including hearing difficulties. Duration of ear discharge was collected in weeks from parental recall or medical notes. For longer clinical history of the disease, duration of ear discharge was collected in months/years. A dietary history was obtained based on 1-week recall. Anthropometric measurements were completed in duplicate and included weight (nearest 100 g) (Seca scale), height (nearest mm) using a length board or Minimeter height scale (Raven Equipment Ltd, Dunmow, UK), head circumference and mid-upper arm circumference (MUAC) at the mid-point of the left arm (nearest mm). Body mass index was calculated by weight/height 2 . Children were examined for skeletal features of rickets. A venupuncture sample was collected and serum stored at À45 1C until shipment to the Department of Musculoskeletal Biology, Liverpool University. Zinc (Zn)-free glassware was used. Anaemic children were treated with therapeutic iron supplements and those with rickets with vitamin D supplementation. Cutoff and reference values of total 25(OH)D used for the analyses were severe deficiency (o6 ng/ml), deficiency (6-11.9 ng/ml), insufficiency (12-19.9 ng/ml) and normal (420 ng/ml). The reference cutoff points to identify deficiency of vitamin D were based on calcium and vitamin D supplementation studies and the effect on the inflection point of PTH when compared with 25(OH)D concentrations (Granado-Lorencio et al., 2010) . Reference values were as follows: Zn and Cu (12-25 mmol/l); Se (0.6-1.5 mmol/l); ferritin (10-160 ng/ml); sTfR (1.6-4.0 mg/l) (6 months-4 years), (1.5-3.7 mg/l) (4-10 years) and (1.4-3.4 mg/l) (10-16 years); CRP (0.0-0.8 mg/dl); albumin (34-45 g/l); calcium adjusted for albumin level (2.20-2.60 mmol/l); alkaline phosphatase: 1-12 months (187-1197 U/l), 1-9 years (177-1036 U/l), 9-18 years (203-1151 U/l); PO 4 (0.7-1.8 mmol/l) and PTH (1.1-6.9 pmol/l). The cutoff points for anaemia were Hb o11 g/dl (6 months-5 years) and 11.5 g/dl (5-15 years) and sTfR/log ferritin ratio (X1.5) (Punnonen et al., 1997) .
Laboratory measurements
Statistical analyses
Data analysis was performed using PASW Statistics 17 (SPSS Inc., Chicago, IL, USA) and Z-score estimates were calculated using Epi Info version 3.4.3 (Centers for Disease Control and Prevention, Atlanta, GA, USA). Hb values were adjusted for altitude by subtracting 0.8 (Sullivan et al., 2008) and only these corrected values are reported. The characteristics of the study groups are summarised using means (arithmetic or geometric) or frequency counts as appropriate, with 95% confidence intervals. Normalising (natural) logarithmic transformations were applied to continuous measures with positively skewed distributions. Group comparisons and correlations between variables were evaluated using generalised linear modelling methods, assuming a normal distribution for continuous measures and a binomial (logistic) model for categorical measures; all analyses were initially performed using the observed measurements and then adjusted for the age difference between the cases and controls.
Results
A total of 75 cases aged 0.6-15 years (mean ¼ 6.0) and 74 controls aged 0.9-15 years (mean ¼ 8.2) were enroled. The level of hearing impairment in cases has been previously described (Elemraid et al., 2010) . Approximately half of the cases had disabling hearing impairment (430 dB). There was a family history of deafness in 32 cases and 35 controls, which was congenital in seven cases and four controls. Cases were younger (P ¼ 0.001) and had poorer academic achievement (Po0.001) ( Table 1 ). Cases had lower mean Hb (12.1 vs 12.9 g/dl, P ¼ 0.178 after age adjustment), although anaemia prevalence did not differ between cases and controls (P40.05) (Tables 2 and 3) .
Type of infant feeding, age at commencement of complementary foods, time of stopping breast feeding and early developmental history did not differ between cases and controls, although cases attained walking later than controls (mean ± s.d.: 16.6 ± 5.6 vs 12.1 ± 0.9 months, P ¼ 0.055). Cases reported consumption of fish, eggs and vegetables less frequently than controls (all Po0.05) ( Table 1) . Mean weight-for-age, weight-for-height, body mass index and MUAC Z-scores were lower in cases (all Po0.05) ( Table 4) . Height-for-age did not differ between groups. Dental caries were common in both groups (cases 42.7%; controls 47.3%). Clinical rickets was present in four cases, who had features of frontal bossing, widening of the wrists, large anterior fontanelle or a rachitic rosary.
Mean serum concentrations for Zn (P ¼ 0.032), Se (Po0.001) and adjusted calcium (P ¼ 0.026) were lower, Adjusted for altitude (Sullivan et al., 2008) . and serum Cu (P ¼ 0.037) and total 25(OH)D (P ¼ 0.001) higher in cases (Table 2) . Mean serum ferritin, sTfR and PO 4 did not differ between cases and controls. Estimates for biochemical deficiency for these biomarkers are shown in Table 3 . Low total 25(OH)D concentration (o20 ng/ml) occurred in 80% of cases and 96% of controls (P ¼ 0.024).
Severe deficiency (o6 ng/ml) was present in five controls and one case. CRP was significantly elevated in cases (P ¼ 0.009). Prevalence of abnormal concentrations of serum calcium adjusted for albumin, PO 4 , alkaline phosphatase, PTH and iron biomarkers did not differ between the two groups. None of the dietary factors investigated were significantly associated with total 25(OH)D concentrations; however, some potentially important trends can be seen in the cases and controls with lower total 25(OH)D levels tending to occur in children with reported consumption of fruits and vegetables (Table 5) . Age was negatively correlated with total 25(OH)D in both groups. All of the anthropometric Z-scores were significantly and negatively correlated with total 25(OH)D in the cases, but not (after age adjustment) in the controls. Geometric mean total 25(OH)D was significantly higher in children with discharge from the left ear only compared with those children with discharge from the right ear alone. The duration of ear discharge varied between 0.04 and 14.0 years (median ¼ 2), and appeared to be negatively correlated with log serum total 25(OH)D (P ¼ 0.028), calcium adjusted for albumin (Po0.001), PO 4 (P ¼ 0.002), log serum Cu (Po0.001), the transferrin receptor/log ferritin ratio (Po0.001) and CRP (P ¼ 0.008), and Hb (P ¼ 0.001) (Table 6 ). However, all of these correlations became much weaker and statistically non-significant after adjustment for age differences.
Discussion
In the light of the global burden of childhood hearing impairment, particularly in developing countries (Olusanya and Newton, 2007) , it is remarkable that there are so few studies assessing nutritional status in children with CSOM (Elemraid et al., 2009) . CSOM is a sequel of recurrent acute otitis media. Formation of pus in the middle ear causes the tympanic membrane to stretch; this results in severe pain and deafness. The membrane may then burst, the pain instantly stops and discharge of pus commences. In a wellnourished healthy child, the inflamed middle-ear mucosa should recover. In some cases, healing does not occur and the middle-ear mucosa remains inflamed promoting bacterial super infection. We investigated the nutritional status and serum biomarkers for Zn, Cu, Se, iron, calcium, PO 4 and vitamin D in children with CSOM in order to identify nutritional correlates of this disease. Cases had lower mean Z-scores for weight-for-age, weightfor-height, body mass index and MUAC, indicating both acute and chronic energy deficiency in these children. Children at risk of rickets are usually growing children, which might explain the positive correlation between MUAC and duration of CSOM (Po0.001). The poor nutritional status of cases in part reflects the low economic status of their families and CSOM might also reduce appetite. Their poor general nutritional status may have increased risk for chronic inflammatory ear disease, and specifically cases also had lower mean serum concentrations of Zn and Se. This could translate to differences in the inflammatory response in the middle ear especially if poor Zn status is combined with undernutrition. The increased serum concentration of the acute phase reactant, CRP, indicated a concurrent inflammatory process, which may be secondary to CSOM. The prevalence of iron deficiency, based on the sTfR/ferritin ratio, did not differ between cases and controls. A beneficial effect of micronutrient supplementation, including Zn on recovery from acute otitis media (Dobo and Czeizel, 1998; Linday et al., 2002) and CSOM (Brooks et al., 2005) has been reported, although in these reports, the prevalence of micronutrient deficiency in study subjects was unclear. In the largest study from Bangladesh, a year's Zn supplementation (70 mg weekly) was associated, in children o2 years of age, with significant reduction in chronic suppurative ear disease (Brooks et al., 2005) . It is unclear if this related to pharmacological effect, or to enhanced host immunity following Zn supplementation. It was also unclear whether the increased prevalence was related to a higher incidence of ear infection, or more severe persistent infections with poor recovery rates.
Prevalence of low total 25(OH)D concentration (o20 ng/ml) was higher in controls, although clinical rickets was only diagnosed in cases (n ¼ 4). The prevalence of low total 25(OH)D in a sunny country is apparently of dietary or therapeutic origin, and these results reflect a very high prevalence of vitamin D deficiency in these children. The higher prevalence in controls would suggest that vitamin D deficiency was not a primary causal nutritional factor contributing to CSOM risk. In univariate analysis, duration of ear discharge was negatively correlated with total 25(OH)D, calcium adjusted for albumin, PO 4 , Cu and also sTfR/ferritin ratio and CRP concentration. The normal concentrations and small differences between cases and controls for mean serum-adjusted calcium, PO 4 and alkaline phosphatase suggests that the low total 25(OH)D concentrations were due to vitamin D rather than calcium deficiency. But the marginally increased PTH concentration in controls and lower age-adjusted mean concentration of adjusted calcium in cases (P ¼ 0.026) may indicate that calcium deficiency is also a factor. In Qatar, which has similar climate to Yemen, vitamin D deficiency was identified as a significant health problem among almost two-thirds of healthy children and was more prevalent in older (11-16 years) than younger children (o5 years) (Bener et al., 2009b) . This was the pattern observed in the present study as controls were older than cases and had higher prevalence of low total 25(OH)D concentrations. The dark skin in these children, which requires longer sun exposure to achieve skin penetration by sunlight, would contribute to their high risk for vitamin D deficiency (El-Hajj Fuleihan et al., 2001; Weng et al., 2007; Bener et al., 2009a) . Low intake of fresh fruits or animal proteins could contribute to vitamin D deficiency (Bwibo and Neumann, 2003; Kuhnlein and Receveur, 2007) . We observed non-significantly increased mean total 25(OH)D concentrations in children with reported consumption of fish, eggs, fruits or vegetables in the previous week, compared with those with no reported consumption. Although the acid-base status was not measured, better calcium and PO 4 concentrations in these children who consumed higher fruits and vegetables could reflect the improved acid-base status and calcium retention (Macdonald et al., 2008) . Our study findings while not implicating vitamin D status in causation infer a possible role in relation to disease severity (duration of ear discharge).
There is very limited data on the association of vitamin D deficiency with adverse health outcomes, particularly with chronic infection (Brannon et al., 2008; Hewison, 2010) , although vitamin D and its receptor have been implicated in susceptibility to chronic bacterial (Hewison, 2010; Sun, 2010) and upper respiratory tract infections (Bartley, 2010) . Vitamin D supplementation trials for prevention of rickets have not addressed infection risk (Cavalier et al., 2009) . We have identified only one published study in humans of vitamin D status in relation to middle-ear infection, which reported results for 16 children undergoing placement of tympanostomy tubes. Low vitamin D concentrations (o20 ng/ml) were reported in eight children, but there were no controls and it was unclear whether low levels related to infection risk or disease severity (Linday et al., 2008) .
The negative correlation of sTfR/ferritin ratio with duration of ear discharge indicates that children with iron deficiency were likely to have a shorter duration of infection, although this correlation became weaker and non-significant after adjusting for age differences. Iron deficiency anaemia is an important marker of poor nutritional status and its influence on infection risk has been a long-standing clinical concern (Murray et al., 1978) . This is related to the concept that restriction of availability of iron for growth of pathogens will inhibit pathogen proliferation, and conversely making iron available would increase infection risk (Wander et al., 2009) . The calculation of body iron store based on the sTfR/ferritin ratio provides the best estimate of iron status in populations where infectious disorders are not prevalent (Punnonen et al., 1997) . Its utility in children with CSOM is less clear, but it has good sensitivity and specificity for reduced bone marrow iron stores in Malawian children with severe anaemia (Hb o5 g/dl) irrespective of the presence of infection (Phiri et al., 2009) . The potential association
